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Abstract 
The Vertical Education Enhancement (VEE) model is developed to enhance Science, Technology, Engineering and Mathematics 
(STEM) education and research to meet new challenges in a dynamic global environment.  It integrates the vertical levels of 
career progression that is built on 1) a curriculum that adapts to the needs of present and emerging markets, 2) community 
outreach and collaborations/partnerships with industry and government sectors, and 3) research and grants.  The model uses 
periodic assessment and continuous improvement process to ensure success.   Recent results include 80% of graduates taking 
jobs in STEM fields, full accreditation of two engineering technology programs, and increased funding. 
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1. Introduction 
Science, Technology, Engineering and Mathematics (STEM) education and research serve the fundamental role 
of advancing technology, medicine, sustainability, agriculture, national security, the economy and society, and the 
search for answers to many life’s questions.  Thus, the visions of many STEM academic programs are focused on 
workforce development and research to meet the needs of local and regional industries, national security, and efforts 
to be competitive in a global market.  As these needs constantly evolve, new challenges emerge, thus making it 
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imperative for STEM academia to change and adapt in order to fulfill its primary vision and goals.  The Vertical 
Education Enhancement (VEE) model is developed to enhance STEM education and research to meet new 
challenges in a dynamic global environment.  The key question addressed by the VEE model is how to effectively 
integrate the vertical levels of career progression to produce a workforce that has the following attributes:  
x A workforce knowledgeable in core subject and other areas relevant to career and professional success. 
x A technology-savvy workforce that is capable of using technological tools and products in the workplace to 
advance technical skills and increase productivity. 
x A workforce with adequate hands-on training and real-life practical skills through professional activities and 
research experiences in industry and government sectors. 
x Life-long learning capabilities that support the abilities to retrain and/or adapt to changes in the workplace and 
global market, and the emergence of new technologies. 
x An innovative workforce with entrepreneurs and highly motivated professionals and leaders capable of getting 
into new ventures that could benefit society.   
x A workforce that is diverse that provides opportunities for people from different cultural, social and economic 
backgrounds, including women and underrepresented minority groups.  
The VEE model came from an effort to increase the number of students acquiring skills in computer science as the 
dawn of the twenty-first centering was fast approaching and the world was griped with the fear of the then very 
unpopular but well publicized Y2K problem.  The fear was that the rollover from 99 to 00 in two-digit year systems 
as we go from year 1999 to year 2000 could interrupt the operations of computer systems and their dependent and 
associated entities such as businesses, transportation, healthcare, manufacturing, defense and national security 
(Dutton, 2009; Long, 2007).  Many government sectors and private enterprises put huge funds to solve the then 
impending problem (Varon, 1998; Schmitt-Grohé, 1999).  Also, many STEM disciplines increased their efforts to 
produce more graduates in computer science, including those that are capable of proceeding to acquire professional 
and graduate degrees, as well as take a career in computer science related fields.  That program used a model 
comprising of curriculum enhancement, teaching and research infrastructures, hands-on training and internship, 
mentoring of students, and a program monitoring system (Egarievwe et al, 2003).  The VEE model expands on this 
to enhance STEM education through the integrations of the vertical levels in professional career path. 
2. Model Design 
2.1. The Underlying Foundation of the VEE Model  
The VEE model is built on a foundation of the interwoven components schematically shown in Fig. 1.  They 
include: curriculum and mentoring; industry, government and community partnerships; and research and funding. 
Fig. 1. Components of the VEE model underlying foundation. 
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The curriculum and mentoring component provides essential knowledge base in the given discipline, along with 
teaching and training infrastructure supports for faculty members and students.  Instructional and training 
laboratories help hands-on and practical training.  The mentoring system comprises of supports from academic 
advising, professional mentoring, and e-portfolio based tracking that uses periodic evaluation and feedback to the 
students for improvement.  Periodic assessment and continuous improvement processes are also applied to the 
curriculum to meet the needs of program goals and adapts to meet the needs of present and emerging markets.  The 
development of assessment and continuous improvement culture is critical to the success of degree programs, and 
often helps to meet professional and regional accreditation requirements.  A well-documented mentoring process 
ensures a purpose-driven student learning and a successful career path towards a skilled workforce.  Based on a 
student’s specific professional goals and career path, there could be more than one mentor, and mentors could be 
drawn from several relevant disciplines and industries. 
Industry, government and community involvement is a critical component of the VEE model.  Community 
outreach helps to recruit student, collaborate with local industries and employers, and build a mutual relationship 
that benefits all stakeholders. Partnerships with industries support specific training to meet industry needs, supports 
co-ops practical and professional experience and internships, and promotes employment of graduates.  Adequate 
funding is essential to the success of any program.   The research funding component provides additional financial 
support for the program and opportunities for students to participate in paid research and training activities. 
2.2. Vertical Structure of the VEE Model  
The vertical structure of the VEE model and its vertical levels of career progression are schematically shown in 
Fig. 2.  The recruiting system involves outreach and collaborations with secondary schools (high schools and middle 
schools) and two-year community colleges.  Interactions with these levels of education are essential to recruiting 
well-prepared students into university degree programs.   
Fig. 2. Vertical structure of the VEE model and its vertical levels of career progression. 
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Some of the tools used include 1) summer training programs, such as camps and internships, for high school 
students; articulation agreements were incoming students have credits for equivalent courses passed (often with a 
grade of C and above) in community colleges or in high school senior year; and 3) outreach activities to high 
schools and community colleges where university faculty, and sometimes graduate students, participate in teaching 
and mentoring tasks.  Getting university faculty and senior/graduate students involved in these types of outreach 
activities help high school senior to acquire skills needed to succeed in university education. 
The undergraduate curriculum is the core level of the VEE model for producing a technology-savvy and skilled 
professional workforce.  It has the following four basic components: 
x Curriculum Development and Enhancement: This is a continuous process that uses recommendations for 
improvement based on results of period assessments.  Other important factors that must be considered include 
trends in employment, emerging markets, needs of industries and markets (local, regional, national and global) 
served by the degree program, and results of program viability evaluations. 
x Mentoring and Career/Professional Development:  Mentoring is very critical in career and professional 
development.  In the VEE model, mentees and mentors work together to ensure that the mentees have good 
understanding of various career choices within the discipline.  This is followed by setting career goals, 
objectives and expected outcomes.  Next, the mentee and the mentoring team identify the resources and tasks 
that will lead to the accomplishment of the career and professional development goals and outcomes.  The use 
of practical tracking tools such as e-portfolio is highly recommended for an effective and well documented 
periodic assessment and continuous improvement process.  Jobs and graduate/professional school placement 
programs are essential parts of the mentoring and career development component. 
x Hands-on and Practical Training:  This is achieved through lecture class projects, laboratory courses, and 
senior and capstone projects.  These on-campus training avenues, in addition to co-ops and professional 
internships, help to give valuable practical experience to the students. 
x Industry Co-ops and Professional Internships:  These are trainings that give students work experiences and 
opportunities to apply what is learned on campus to solve real-life problems.  Paid research and work 
internships, often at national laboratories and high-tech industries, are great incentives for students to 
participate in these types of activities. 
x Assessment and Continuous Improvement:  Periodic assessment is applied to the degree programs to meet 
accreditation requirements.  It is also applied to the above components to ensure that their set goals and 
objectives are met.  Results and recommendations from periodic assessments are used in a feedback loop to 
effect continuous improvement. 
Undergraduate students may graduate directly into the workforce or may proceed to professional and graduate 
schools.  Once in the workforce, it is essential to engage in life-long learning, and whenever necessary, in retraining 
to meet emerging needs and markets.  Through the periodic assessment and continuous improvement culture the 
model productively engages all entities and stakeholders, and empowers them to meet their visions, fulfill their 
missions, and accomplish their goals. 
3. Implementation 
3.1. Project NERVE – A VEE Based Education and Research Model 
The VEE model was applied to a multidisciplinary program at Alabama A&M University for skilled workforce 
development in nuclear and related STEM fields.  Titled “Nuclear Education and Research Vertical Enhancement 
(NERVE), the program has the following objectives: 
x To develop nuclear engineering education and research in the areas of advanced nuclear radiation detectors, 
nuclear regulatory/control issues, and nuclear risk assessment and management (Egarievwe, 2014). 
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x To enhance skilled workforce production in STEM fields relevant to nuclear power, national security and 
medical physics (Egarievwe, 2013). 
x To increase the number of students and faculty members from underrepresented groups (women and 
minorities) in fields related to the nuclear industry. 
 
The NERVE project, also referred to as Project NERVE or NERVE program, is a novel education-to-workforce 
practical approach based on the VEE model. It uses multi-track training activities that vertically cut across the 
following education domains: middle/high school, two-year colleges, undergraduate degree programs, graduate 
schools, and post-doctoral training (Egarievwe et. al., 2011). Project NERVE uses laboratory work, internships at 
nuclear facilities, on-campus research, and mentoring in collaboration with industry and government partners to 
provide hands-on training for students. Emphasis was placed on recruitment campaigns, retention initiatives, and job 
placement drives to ensure a constant flow of student from high schools through college to nuclear and STEM 
workforce.  The program has a solid infrastructure supported with training resources and facilities from on-campus 
research centers, Brookhaven National Laboratory, Tennessee Valley Authority nuclear plants, and FLIR Inc. 
3.2. Curriculum Development 
A major component of Project NERVE is the development of new courses and degree programs.  Fig. 3 shows the 
schematic of the process for developing new courses, minors, concentrations and degree programs in nuclear fields.  
The nuclear curriculum development process is guided by information from the Accreditation Board for Engineering 
and Technology (ABET), the U.S. Nuclear Regulatory Commission (NRC), and the nuclear industry workforce. 
 
 
Fig. 3. Nuclear curriculum development process, guided by information from the Accreditation Board for Engineering and 
Technology (ABET), the U.S. Nuclear Regulatory Commission (NRC), and the nuclear industry workforce. 
3.3. Recruiting of Students 
The recruitment methodology of Project NERVE focuses on high schools, two-year colleges, and already 
enrolled students in STEM disciplines.  The recruiting methods used include: 
x Target events at prospective students in high schools. 
x Brochures mailed to high school students. 
x Schedule recruiting visits and campus/lab tours. 
x Posting of program information and benefits on university website. 
x Provided high school and two-year college students with personalized tour of campus and laboratories, and 
pair students with faculty members. 
x Established articulation agreements with two-year colleges to facilitate the admission of students. 
x Summer camps for students from high schools. 
x Scholarships to graduating high school applicants who are qualified for admission. 
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3.4. Retention of Students 
The retention method involves the following:  
x Scholarships to undergraduate and graduate students committed to developing careers in the nuclear industry. 
x Three-track mentoring system comprising of (a) academic advisor for curriculum and course scheduling, (b) 
faculty advisor for career options and technical electives, and (c) research/industry mentors for hands-on 
industrial training, summer internships, and job search/applications in the nuclear industry and related STEM 
fields. 
x Review of academic progress twice every semester at midterm and end of semester; and approval of study 
schedule developed for the workforce pipeline students. 
x Use of social networking and cyber infrastructure to reach nuclear industry job recruiters. 
x Supports for workforce pipeline students to conferences and job fairs in the nuclear industry. 
3.5. Assessment and Continuous Improvement Culture 
Project NERVE uses an advisory board as part of its periodic assessment and continuous improvement activities.  
The advisory board consists of members independent of the project, and our collaborators from industries and 
government entities. The assessment involves data collection, analysis of assessment and evaluation data, and 
recommendations to provide advice and feedback for continuous improvement.  The steps are:  
x Monitor the status of activities as stipulated in the project plan. 
x Document the initial implementation of project activities, the successes and challenges. 
x Collect and document evidence of project success and shortfalls. 
x Provide periodic formative feedback to facilitate project refinement. 
x Document project outcomes and their local, national and broad impacts. 
x Advise on institutionalization and continuity of resulting programs and curricula. 
The periodic assessment and continuous improvement processes of the VEE model, implemented through the 
NERVE program, was used to develop an assessment and continuous improvement culture that led to the full 
accreditation of two engineering technology Bachelor of Science (B.S.) degree programs by the Accreditation Board 
for Engineering and Technology (ABET).  The two ABET accredited degree programs are B.S. in Electrical 
Engineering Technology and B.S. in Mechanical Engineering Technology.  The followings are the key features of 
the assessment and continuous improvement culture:  
x Everyone shares the load, including assessment leaders and coordinators, committees, faculty and staff 
members, and students. 
x Training of all faculty and staff members on assessment and continuous improvement culture, development of 
assessment rubrics and tools, documentation and documented process, evaluation of assessment data, and 
using recommendations in a feedback loop to continuously improve the degree program.  This includes yearly 
participation in academic assessment and accreditation conferences, such as ABET symposium and assessment 
training and workshops. 
x Planning, preparedness and timely completion of assigned tasks.  This also include 1) ensuring that the 
assessment team fully understands the requirements and goals, 2) provision of adequate resources (personnel, 
funds and tools), and a well-kept schedule.   
x A management structure that ensures the following of logical paths to accomplish goals and objectives and 
guarantee consistency in the process and in completing the assessment cycle. 
x Mandatory end-of-semester assessment meetings and workshops were rubrics, tools and processes are 
reviewed, experiences are shared, and plans for the next semester are finalized.  
x Documentation and tracking of tasks and results. 
342   Stephen U. Egarievwe /  Procedia - Social and Behavioral Sciences  177 ( 2015 )  336 – 344 
3.6. Research and Education Collaborations with Brookhaven National Laboratory 
One of the key strengths of the NERVE program is collaboration with Brookhaven National Laboratory (BNL) in 
the areas of research, education and development/writing of proposals for research and education grants.  These 
collaborations serve to provide faculty members and students with research and education resources and facilities 
that are not available on campus.  An example is the National Synchrotron Light Source (NSLS) which is currently 
being replaced by NSLS-II.  The major activities of the collaborations are: 
x One-week spring training workshop at Brookhaven National Laboratory: The one-week training and 
workshop is used to enhance research collaborations and train faculty members and students on user 
facilities/equipment at BNL, and for summer research internships. Participants included students, faculty 
members at Alabama A&M University and research collaborators at BNL. The activities include 1) tour and 
introduction to user facilities/equipment at BNL that are used for research in room-temperature semiconductor 
nuclear detectors, 2) presentations on advances on this project and on wide band-gap semiconductor nuclear 
detectors in general, and 3) graduate students’ research presentations.  
x Invited speakers and lectures: This brings collaborating research scientist from BNL to give talks and lectures 
on topics directly related to the project. Attendance includes faculty members, researchers and students from 
various departments in the university. 
x Faculty-students team summer research at Brookhaven National Laboratory:  This DOE and National Science 
Foundation (NSF) program help train students and faculty members in research.  Faculty members go on to 
establish research collaborations with scientists at BNL, develop and submit research proposals to funding 
agencies, transform research experience at BNL to establish and enhance reach capabilities at home institution, 
and integrate their research into teaching through class projects and hands-on training for students.  The 
students go on to participate in research work at BNL and at home institution, co-author research papers for 
conferences and technical journals, and transform their experiences into developing senior and capstone 
projects.  
x Grant proposal development:  Faculty members in the NERVE program collaborate with BNL scientists to 
develop proposals, which often help to get external funding needed to expand and sustain the continuity of 
research activities and supports for student’s wages and scholarships (stipends, tuition and fees). 
x Faculty development and mentoring:  The above collaboration activities help faculty professional 
development.  The experiences, grants, joint publications in technical journals, and supervision of student’s 
research, including thesis and dissertation research projects, contribute greatly to faculty development.  Senior 
scientists at BNL and senior faculty members on campus jointly mentor junior faculty members to enhance 
their professional growth. 
x Graduate thesis and dissertation research:  Brookhaven National Laboratory provides unique opportunities 
and outstanding research resources for the NERVE program graduate research.  Scientists from BNL serve in 
master’s degree thesis and PhD dissertation committees, where they play active roles in the supervision of the 
research projects.  
3.7. Integrating Research into the Curriculum and Teaching 
The research activities form an integral part of the NERVE program and provide added services in students 
training and faculty development.  The major research areas include development of advanced nuclear radiation 
detectors that could operate at room temperature without cryogenic cooling, and the study of nuclear 
regulatory/control issues, and nuclear risk assessment and management.  On-campus research activities include the 
participation of faculty members, research associates, graduate students and undergraduates.  These activities often 
serve as research platforms for PhD dissertation and master’s degree thesis.  Student participants often get 
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scholarships in tuition payments, stipends, and wages.  The means through which research is integrated into teaching 
and the curriculum in the NERVE program are:  
x Nuclear content infusion into existing STEM courses. 
x Class group projects, illustrations and examples, laboratory exercises, demos, and hands-on training. 
x Development of new courses in nuclear science and engineering. 
x Using special topic courses to teach highly specialized and research oriented subjects. 
x Senior and capstone projects. 
4. Results and Discussion 
The NERVE project supported and trained students from the following STEM disciplines: Chemistry, Electrical 
Engineering, Electrical Engineering Technology, Mathematics, Mechanical Engineering, Mechanical Engineering 
Technology, Industrial Technology, and Physics.  The results in the area of training students through the 
implementation of the VEE model in Project NERVE are summarized in Table 1. Additional outcomes are: 
x Full ABET accreditation of two engineering technology programs: Mechanical Engineering Technology and 
Electrical Engineering Technology. 
x Increased research grant funding that tripled over the first three years of the NERVE program. 
x Establishment of a nuclear engineering and radiological science laboratory for faculty and student research 
activities. 
x Two nuclear systems concentrations in Electrical Engineering and Mechanical Engineering Bachelor of 
Science degree programs with three new courses. 
     Table 1. Performance Metrics over a three-year period. 
Category Performance Metrics Total Number of Students in Category 
Number of 
Students 
Percentage 
(%) 
1. Graduates who take a job in a STEM or STEM related field. 
5 4 80 
2. 
Students who participate in scientific activities and 
research experiences in industry or government 
sectors. 
17 17 100 
3. 
Students who participate in scientific activities that 
presented research findings at scientific meetings or 
conferences. 
17 16 94 
4. Students who participate in inter disciplinary research or educational experiences. 
12 12 100 
5. Graduate students that in thesis option master’s degree. 
4 3 75 
6. PhD students that successfully completed dissertation research. 
1 1 100 
5. Conclusions 
The Vertical Education Enhancement (VEE) model was developed with the main objective of enhancing STEM 
education and research in a dynamic global environment.  With its foundation built on three key interwoven 
components of curriculum development, collaborations with industry and governments sectors, and research 
activities and funding, the model provides a solid structure for success in producing a technology-savvy and skilled 
workforce capable of adapting to meet the need of present and emerging markets.  The vertical structure of the 
model provides mentoring, professional development, and practical training that ensure a successful progression of 
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students participants in a career path to joining the workforce.  The use of periodic assessment and continuous 
improvement enhances stakeholders (students, faculty members, degree programs, departments, universities and 
external collaborators such as industries and government entities) to meet their visions, fulfill their missions, and 
accomplish their goals. 
The implementation of the VEE model in the NERVE program demonstrated its power in enhancing STEM 
education and research.  Within a three-year period, the NERVE program successfully 1) enabled two engineering 
technology degree programs to get full ABET accreditation; 2) infused nuclear contents into existing STEM 
courses; 3) led to the development and addition of nuclear systems concentrations to Electrical Engineering and 
Mechanical Engineering degree programs; 4) established a nuclear engineering and radiological science laboratory; 
5) tripled external funding for research and education; 6) enhanced faculty development; and 7) imparted students 
with knowledge and practical experience that enabled them to join a technology-savvy and skilled workforce in 
nuclear and other related STEM fields.  The VEE model also served as a powerful tool for integrating research into 
the curriculum and teaching. 
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